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(54) Title: METHODS AND COMPOSITIONS FOR ORAL DELIVERY OF THERAPEUTIC AGENTS 



(57) Abstract 

The invention is drawn to methods and compositions for delivery of therapeutic agents to a subject. In particular delivery 
is achieved by oral administration of a chimeric molecule having a therapeutic agent conjugated to a suitable carrier molecule 
wherein the carrier molecule is capable of effecting delivery of the chimeric molecule by transepithelial transport via transcytosis 
The invention can obviate the need for injection of therapeutic agents unable to cross the grastrointestinal barrier. 
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THE INVENTION 

METHODS AND COMPOSITIONS FOR ORAL DELIVERY OF 
THERAPEUTIC AGENTS 

Field of the Invention 

The invention relates to the delivery of therapeutic agents in 
animals, including humans. 

Background of the Invention 

The common routes of therapeutic agent administration are enteral 
(oral ingestion) and parenteral (intravenous, subcutaneous, and 
intramuscular) routes of administration. The intravenous route is 
advantageous for emergency use when very rapid increases in blood levels 
of the therapeutic agent are necessary. Further, the intravenous route 
allows for easy dosage adjustments and is useful for administration of 
large volumes of a drug when diluted. However, intravenous drug 
administration suffers from numerous limitations. One problem is the risk 
of adverse effects resulting from the rapid accumulation of high 
concentration of the therapeutic agent in plasma and/or tissues. Also, the 
intravenous route requires repeated injections which may cause discomfort 
to the subject. Further, the repeated injections may be complicated by 
local infections at the site of needle insertion. 

Other routes of parenteral administration are painful for subjects, 
especially if frequent administration is required. Subcutaneous injection 
is sometimes used for delivery of therapeutic agents that are not irritating. 
However, this mode of administration is not suitable for delivering large 
volumes nor is it suitable for administering irritating substances which may 
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absorption from the gastrointestinal tract through use of liposome 
entrapped therapeutic agents. Certain investigators have claimed that 
intact liposomes are identified in the circulation after oral administration* 
However, other investigators note that experiments wherein the antibiotic 
gentamicin was entrapped in a liposome, it was not detected in the 
circulatoiy system of subjects. 

Others have developed a system for delivering neuropharmaceutical 
agents to the brain by receptor-mediated transcytosis through the blood- 
brain barrier. Chimeric peptides were developed consisting of a 
transportable peptide (such as insulin, transferrin, insulin-like growth 
factor I, insulin-like growth factor II, basic albumin and prolactin) 
conjugated to hydrophilic peptide neuropharmaceutical agents which 
alone are not generally transported across the blood-brain barrier- 
Notwithstanding the above-noted developments in the art of drug 
delivery, it is clear that there is a Heed for novel methods and 
compositions for oral delivery of therapeutic agents to a subject's 
circulatory system. 

Description of Related Literature 

The delivery of neuropeptides through the blood-brain barrier can 
be found in: Pardridge, W., United States Patent No. 4,801,575; 

Liposomally entrapped insulin for gastrointestine absorption is 
discussed in Patel et al, Biochem. Soc. Trans., 5(4):1054~1055 (1977); 
Aprahamian et al t Own. OggL 5:13-15 (1987). 

Absorption enhancing agents for the gastrointestinal system can be 
found in: Fix, J., Controlled Release 6:151-156 (1987); Sugibayashi et aL, 
J. PharnL Pharmacol, 57/578-580 (1985); Touitou et aL, Int. J. Pharnu, 
27:89-98 (1985); and Goodman et al, /. Invest. Dermatol, 91:323-327 
(1988). 
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administered to the subject orally. In this embodiment, the chimeric 
molecule is absorbed into the circulation from the gastrointestinal tract by 
transcytosis. 

By "subject 11 is intended both human and non-human animal 
subjects who are administered the chimeric molecules of the present 
invention. Specifically intended are^ mammalian subjects. More 
specifically intended are human subjects. 

By "therapeutic agent" is intended drugs and/or medicinal peptides 
useful for treating a medical or veterinary disorder, preventing a medical 
or veterinary disorder, or regulating the physiology of a human being or 
animal. 

Drugs for which the method of administration of the invention is 
particularly important are peptides. Suitable peptides include, but are not 
limited to, insulin, proinsulin, glucagon, parathyroid hormone and 
antagonists of it, calcitonin, vasopressin, renin, prolactin, growth hormone, 
thyroid stimulating hormone, corticotropin, follicle stimulating hormone, 
luteinizing hormone, chorionic gonadotropin, atrial peptides (a natriuretic 
factor), interferon, tissue plasminogen activator, gamma globulin, factor 
VIII, and analogs and/or chemical modifications of these peptides. 

The invention can also be used to administer hormone releasing 
hormones, e.g., growth hormones releasing hormone, corticotropin 
releasing factor, luteinizing hormone releasing hormone, growth hormone 
release inhibiting hormone (somatostatin) and thyrotropin releasing 
hormone. 

Other suitable drugs include the physiologically active enzymes: 
transferases, hydrolases, isomerases, proteases, ligases, and 
oxidoreductases such as esterases, phosphatases, glycosidases and 
peptidases; enzyme inhibitors such as leupeptin, chymostatin and 
pepstatin; and growth factors such as tumor angiogenesis factor, epidermal 
growth factor, nerve growth factor and insulin-like growth factors. Other 
suitable drugs are those normally absorbed only to a limited extent across 
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desirable. The method of the present invention provides such a 
reproducible deliveiy system. 

In the method of the present invention,, growth factors having 
receptors in epithelial cells of the gastrointestinal tract are used as carriers 
5 to transport therapeutic agents from the gastrointestinal tract into the 

circulation of a subject. Thus, when these growth factors are conjugated 
to a therapeutic agent, the resultant conjugate is a chimeric molecule 
which acts as a vehicle allowing oral deliveiy of a therapeutic agent into 
the subject's circulatory system. Further, growth factor fragments or 

10 analogs can also be used as carriers for delivery of therapeutic agents to 

the subject All that is required is that the growth factor fragment or 
analog can be conjugated to a therapeutic agent, binds the growth factor 
receptor and is capable of transepithelia] transport via transcytosis. 

By "carrier 11 is intended macromolecules which, when conjugated 

15 to a therapeutic agent, are capable of effecting deliveiy of the therapeutic 

agent to a subject via transcytosis. Specifically by "carrier" is intended 
growth factors, or fragments or analogs thereof, which bind a growth 
factor receptor and, when conjugated to a therapeutic agent, are capable 
of effectuating delivery of the therapeutic agent via transcytosis. Suitable 

20 carriers include, but are not limited to: epidermal growth factor (EGF) } 

transforming growth factor ol (TGF-a), and fragments or analogs of these 
growth factors wherein the fragments or analogs are capable of binding 
the growth factor receptors and are capable of effectuating oral deliveiy 
of a therapeutic agent to the circulation, 

25 Mature epidermal growth factor (EGF), a 53-amino add single 

chain polypeptide, has been well characterized in the art See, for 
example, Gregory, H„ Nature 257325 (1975); Komoriya et al, Proc. Natl 
Acad. ScL USA 81:1351 (1984); EPA 0 326 046; UK Patent Application 
GB 2 172 890 A; EPA 335 400, the disclosures of which are hereby 

30 incorporated by reference. The amino acid and nucleic acid sequences of 

EGF are known. EGF has three disulfide bonds which define three 



Jl ~s\P3 iBipqjids jo jdiiiBq b ssojob sinooo qjodsirexj, ^seo qosa in 
QsnBo^q iBjrans si jfonppf pnB i^aij 'soiisapn aq* tn ^jodsirejj Siuq 

aq?. pus i3Ari 9qj straSe ottfiadBiaqi StrcraAjiop iqj snBam b sspuojd 
osfB aopnESAUi jTOssjd 9q* <snqx "(j66l) 99£8i)9£8:feTM^ 
TptQ j & X[p]OELia s[po iC^nppf nr j£)3 jo 3:sp2idn ajBipsm o} 

TttioiD[ si lopboax j£>a oip 'isqwiy ^(ggei) 9£-VZ?Z0I 1PIU TFD T 'TP & 
anna 'sag -s3uiosoaC[ nnpitt papsiSsp ^nonbasqns qjh pan sisojXbopcra 
psjBipsui joidoMi bia ssu&ajBdsq £q no^Bpioiio 9qj. UKUJ p9IB9p 
3IB d£)H J° s^unouiB [Bpire;sqns 9au3i9j9J jfq pgiBJodiooin Xqsuraq 9IB 
qotqAv jo SMnsopsip sqj. '(T66l) 9998-09£8:fel) fl9^ l°iS T '7* & 

qpireig pnB (986I) 9£-VZ*Z0I T°18 JPD T 'TP & nana 'aidurera joj ^ 
sjojdoooi iojobj qp\oi3 [Binrapida 9ABq oj oa\ou^ 91b os|b S[f9o jCanppf 
puB J9ajj *}OBa iBUpsa^moi^BS 9q; jo Sfx«> iBipqjids oj uopipps tq 

'Qoaoidj^i Aq 

p^Biodioocq £q9i9q 91B qoiqAvjo sainsopsip 9q* '(8S6l) £TI-fiirfl)ffZ3 
W7 "SHaa" >^ Jonpo^ pnB i(066l) L£2-%Z8'86 ^ojlwzojqsvq 
'TP& ^ Ara AV 'G,86l) U€>«90-EEr WTS^Hd T ™V '7072 Sraqaioqx 
t(S86l) S£frO-6ZtO:^ 7«afiW T Wl 'uosdxnoqx ^£26l) 8W-S£^r 
/uroi^g- fodaxpQ SniQ pzotWApy 79 'BflQnno© l(i26l) Z£'ZZT09 ^auj 
™E) T 'TP & ^iprmoQ 335* no^BioossB ogiosds-uou Xiq jo sisojjCdshbh 
paiBipaui lojdoogi -taqjp iCq JOBH iBupsajnioijsBS ^q* mojj psqiosqB 
hbo jojobj qjAvoiS axp 'snqx *p^ B FP 3II± - J0 ^ OTM * ou s ? qoiqA\ siso^Coshbh 
Xq inooo osjb ubo jojoe^ qjAioiS iBtoiapid^ jo ^iodsaBx^ iB^qjidasnBix 
'sisojAosnBH pa^Bipgui-aojdsosi psifra si XBMqjBd siqx : nopBinoito ^qj 
oini Jo^0BjqjMoi3 {Bmrapidd jo liodsaBX^ XBq^qjidosiiBxi. QiBipoai Ui^oqs 
ussq ^ABq sio;doo3i jojobj qjA\ojS |Buusprd9 9Sdq^ *}obj^ jbhi;s91iiioxjsb3 
9ip -snoa ifouppf tn pus s^V^iBdsq m ^jobxi: |Baps9^nioj;sB3 

}° sil 30 P a noj *a99q 9ABq sio^dsoM jo;obj q?Avoj3 jBunspidg 
-uo^9J09S proB ou;sb3 jo joiiqiqui ptiB noqBiGjiioid iBinn9o jo jo}B[mmjs 
^as^od b si j£)g £S-ZZ P^b 'ig-tl *0Z-T ssnpissj uiojj snotS^j padoo[ 

-8- 



PLSZ0/£6Sa/lDd 



tt80Z/£6 O/W 



WO 93/20834 



PCT/US93/02874 



target for delivery is the liver or kidney, administration of the chimeric 
molecule may be parenteral rather than enteral. 

Komoriya et al provided biologically active synthetic fragments of 
EGF and localized a major receptor-binding region of EGF, See, 
5 Komoriya et al, Proc. Natl Acad. ScL USA £7:1351-1355 (1984)- Synthetic 

peptide fragments of EGF were shown by Komoriya et al to compete with 
intact EGF in binding to the EGF receptors. Further, the synthetic 
fragments of the epidermal growth factor were shown to induce a series 
of cellular responses like those to EGF. Thus, EGF fragments or analogs 
10 which bind to the EGF receptor can be used as carriers in the present 

invention. 

Mature transforming growth factor a (TGF-a) is a 50-amino add 
containing polypeptide sharing about 32% sequence homology with EGF. 
Like EGF, TGF-a induces a potent mitogenic response in cells. The 

15 amino acid and nucleic acid sequences for TGF-a are known. See, for 

example, Deiynck et al, Cell 55:287-297 (1984), the disclosure of which is 
hereby incorporated by reference, TGF-a competes with EGF for binding 
to the EGF receptor and exhibits all the apparent biological activities of 
EGF. Tam et al, Proc. West Pharmacol Soc. 29'All-tfA (1986) (the 

20 disclosure of which is hereby incorporated by reference), synthesized 

several fragments of TGF-a to identify the active portion of this growth 
factor. These fragments, like intact TGF-a, bind EGF receptors which 
mediate all apparent biological activities of EGF. See, also, Tam et al, 
InL L Pept Protein. Res. 38(3)304-211 (1991) and Nestor et al, Biochem. 

25 and Biophys. Res. Comm. 129(2)226-232 (1985), the disclosures of which 

are hereby incorporated by reference* In the present invention, intact 
TGF-a and TGF-a fragments and analogs which bind the EGF receptor 
can be used as carriers in the present invention. 

In the present invention, chimeric molecules are formed by 

30 conjugating a therapeutic agent to a suitable carrier wherein the carrier 

is capable of transporting the conjugate across epithelial cells via 
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carrier preferably being lactose and/or corn starch and/or potato starch. 
A syrup, elixir or the like can be used wherein a sweetened vehicle is 
employed. Sustained release compositions can be formulated including 
those wherein the active component is protected with differentially 
degradable coatings, e.g., by microencapsulation, multiple coatings, etc. 

The chimeric molecules of the .present invention are made by 
conjugating the therapeutic agent to be delivered to a suitable carrier. 
Since the growth factor carriers described in the present invention bind 
growth factor receptors, the conjugation needs to be carried out in a 
manlier that will not prevent binding of the growth factor to the receptor. 
The receptor binding regions (discussed supra) of EGF and TGF-a are 
necessary and sufficient for binding to the epidermal growth factor 
receptor. Further, the conjugation of the carrier to the therapeutic agent 
must not prevent transcytosis of the resultant chimeric molecule. As 
discussed above, the receptor binding regions of the EGF and TGF-ct are 
known in the art- See, for example, Nestor et aL, Biochem. and Biqphys. 
Res, Comm. 129(1 J:226-232 (1985); Tarn et aL, Proc West Pharmacol Soc. 
29:471-474 (1986); Tam et aL, InL J. PepL Protein Res. 38(3)204-211 
(1991); and Komoriya et aL, Proa Natl Acad, ScL USA 52:1351-1355 
(1984). Thus, it is well within the purview of one of ordinary skill in the 
art using known conjugation techniques to conjugate therapeutic agents 
to the growth factors disclosed herein at appropriate regions on the 
carrier molecules. 

Various conjugation techniques are known in the art The 
following conjugation techniques are provided by way of illustration. 
Other conjugation techniques can also be used when appropriate. Where 
the therapeutic agent is a medicinal peptide, conjugation may be carried 
out using bifunctional reagents which are capable of reacting with each of 
the peptides (i.e., the medicinal peptide and carrier peptide) and forming 
a bridge between the two. One preferred method of conjugation involves 
peptide thiolati on wherein the two peptides are treated with reagents such 
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known. Potentially, one or more of each of the 53 amino acid residues 
of EGF can be used as a site for conjugating the therapeutic agent. In a 
preferred embodiment, an EGF fragment encompassing amino acid 
residues 14-31 of mature EGF can be used as a carrier in the present 
invention. Potentially, one or more of these residues (14*31) can be used 
as a site for conjugating the therapeutic agent 

As indicated above, mature TGFa is a 50-amino acid polypeptide. 
The amino acid and nucleic add sequences of TGFor are known. 
Potentially, one or more of each of the 50 amino acid residues of TGFct 
can be used as a site for conjugating the therapeutic agent In a preferred 
embodiment, a TGFor fragment encompassing amino acid residues 34-43 
of mature TGFct can be used as a carrier in the present invention* 
Potentially, one or more of these residues (34-43) can be used as a site for 
conjugating the therapeutic agent 

After a therapeutic agent has been conjugated to EGF or TGFa 
at one or more of the amino acid residues specified above, the suitability 
of the resultant conjugate for purposes of the present invention can be 
tested following the protocols set forth in the Experimental section of the 
specification. 

Hie chimeric molecules of the present invention can be 
administered to subjects at a dosage range of from about 15 mg to about 
75 mg. However, the dosage range may differ depending on the subject 
and the therapeutic agent to be delivered. 

Optimal dosages can be determined by one of ordinary skill in the 
art using conventional techniques. As a general rule, the dosage levels 
should correspond to the accepted and established dosages for the 
particular therapeutic agent to be delivered. 

The following examples are offered by way of illustration and not 
by way of limitation. 
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disulfide loop of TGFa (residues 34-43), are prepared by the stepwise 
solid phase method. 

A receptor-binding carrier peptide from £GF is derived from the 
three looped regions defined by disulfide bonds. Synthetic peptides 
5 representing residues 1-53 are prepared by the stepwise solid phase 

method. In particular, synthetic peptides which are a cyclic fragment of 
EGF, containing residues 14-31, are prepared by the stepwise solid phase 
method. 

The TGF-a or EGF carrier peptide fragments alone and in 
10 conjugation with a foreign peptide are labeled with using iodobeads 

(Pierce Chemical Co.) according to the method of Markwell {Anal 
Biochem. /2J:427-432 (1982)). Free iodine is removed by filtration on a 
Sephadex column followed by dialysis in phosphate buffered saline (PBS) 
at 4°C overnight Labeled peptides are incubated with MVM 
15 preparations in the presence and absence of 1000 fold excess cold EGF* 

Specificity of binding is assessed by electron microscopic autoradiography. 

Biochemical analysis of binding is performed using the miniature 
ultracentrifuge separation technique (Albers et dL, Anal Biochem. 96:395- 
402 (1979)). The advantages of this method for measurement of 
20 radioligand binding in aqueous medium are threefold: 1) the rapidity (30 

seconds) in separating the bound from the unbound fraction, 2) the small 
volume (100 fxl) of assay medium which permits a relatively small excess 
of ligand over receptor to be employed, 3) the simplicity of manipulations 
which allows a high degree of replication. 

» 

25 Airfuge tubes (5 x 20 mm; Beckman Instruments Inc., Spinco 

Division, Palo Alto, CA) are pretreated overnight at 4°C with a 1 mg/ml 
solution of cold peptide to inhibit nonspecific protein absorption from the 
final incubation mixture. For the incubations, radiolabeled peptide 
solutions between 0.01 fig and 1 mgftnl are used in Tris-HCL (30 mM pH 

30 7.4) containing 125 mM NaCL Specific activity of samples is determined 

and 100 ft] of MVM suspensions varying in protein content between 0.1 
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CaCl 2 in 0.1 M sodium cacodylate buffer, pH 7,4 Tissues are then 
immersed in a drop of fixative, chopped at 1 mm and processed for 
autoradiography. 

After 2-4 hours of fixation at room temperature, tissue slices are 
5 rinsed in 0.1 M cacodylate buffer and postfixed in 1% osmium in 

cacodylate buffer. Next, tissues are stained en bloc in 1% uranyl acetate, 
dehydrated in graded ethanols and embedded in Epon-Araldite. For light 
microscopic autoradiography, 1 pm sections are stained with iron 
hematoxylin, coated with Hford K5 emulsion (diluted 1:1 with distilled 
10 water) exposed for 1-4 weeks and developed for 4 minutes in Kodak D-19 

at 18*C 

For electron microscopic (EM) autoradiography, thin sections are 
collected on formvar-coated nickel grids and stained with lead citrate. 
Grids are carbon coated, placed on a glass slide and coated with a thin 

15 film of Hford L4 emulsion (diluted 1:4 with distilled water) by the loop 

method (Caro, L.G. and R.P. Vantubergen, J. Cell Biol 75:173-178 
(1962)). The emulsion coat consists of a monolayer of silver halide 
crystals as confirmed by electron microscopy of undeveloped grids. After 
6-8 weeks, autoradiographs are developed in Kodak D-19 (diluted 1:9) for 

20 45 seconds at 18°C and are fixed in 24% sodium thiosulfate for 3 minutes 

at 18 °C Sections are examined and photographed with a JEOL 100X 
electron microscope. 

The distribution of silver grains in subcellular compartments and 
at the basolateral surface are quantitated according to the following 

25 procedure* For each time interval 15 well-oriented cells sectioned along 

a central longitudinal axis are selected and all grains over these cells are 
counted. Compartments are demarcated into microvilli, apical vesicular 
compartments, multivesicular bodies (lysosomes), nucleus, and basal 
vesicular compartments. Grains are assigned to lateral or basal 

30 membranes if they span the membrane or lay within 900 nm, the 

estimated half-distance (HD) for Ilford 1A emulsion exposed by l25 I 
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homogenized in a total volume of 9 ml ice-cold distilled water using a 
Waring blender in a prechilled microjar. One milliliter of cold 0.5 N HC1 
is added and tubes are stoppered and hand mixed by inversion. Samples 
are kept on ice 30-60 minutes. After extraction and additional mixing, 0,1 
or 1-0 ml aliquots of the homogenates are removed and counted in the 
gamma counter to determine total radioactivity. Samples are then 
transferred to 5/8 x 3 inch tubes and centrifuged at 100,000 x g for 40 
minutes. Supernatant axe decanted and aliquots are counted to determine 
extraction efficiencies. Approximately 90% of the homogenate 
radioactivity is extracted by this method. After rehomoginization of the 
pellet, greater than 95% of the radioactivity is extracted.. Extracts are 
concentrated as required either by lyophilization or a Speed-Vac 
concentrator (Savant) and the residue is dissolved in 0.05 M phosphate 
buffer pH 7.4 and applied to a column- 

Plasma is obtained from the supernatant after centrifugation (9,600 
x g) of heparin-treated blood and analyzed directly. The pellet of blood 
cells is treated the same as other tissue samples. 

Intact peptides are detected based on their appearance in the 
excluded void volume following Sephadex chromatography. The 
proportion of radioactivity in the void volume is calculated by summing 
the total cpm in this region and is expressed as a percent of the total 
radioactivity applied to the column. This percentage, along with the total 
radioactivities accumulated in specific tissues is used to calculate the total 
tissue recoveries of intact peptide. Results are expressed as a percentage 
of fed radioactivity. 

Fractions containing intact or modified peptide are then further 
characterized by SDS gel autoradiography and reversed phase PHLC 
under dissociating conditions as detailed above. 
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We Claim : 

1. A method for delivery of a therapeutic agent to a subject 
comprising administering to the subject a chimeric molecule wherein said 
chimeric molecule comprises a therapeutic agent conjugated to a carrier 
wherein said carrier is capable of effecting delivery of said molecule by 
transepithelia] transport via transcytosis. 

2. The method of claim 1 wherein transcytosis is receptor- 
mediated. 

3. The method of claim 1 or 2 wherein the chimeric molecule 
is administered orally and is absorbed from the gastrointestinal tract into 
the circulation. 

4. The method of claim 2 wherein said receptor is the 
epidermal growth factor (EGF) receptor- 
s' The method of claim 1 wherein said carrier is epidermal 

growth factor (EGF) or a receptor-binding fragment thereof or a 
receptor-binding analog thereof. 

6. The method of claim 5 wherein said carrier is an EGF 
fragment containing amino acid residues 14-31 of mature EGF, 

7. The method of claim 1 wherein said growth factor is 
transforming growth factor a (TGFcx) or a Teceptor-binding fragment 
thereof or a receptor-binding analog thereof, 

8. He method of claim 7 wherein said carrier is a TGFa 
fragment containing amino acid residues 34-43 of mature TGFa. 
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18. The chimeric molecule of claim 17 wherein said conjugation 
agent is capable of conjugating the therapeutic agent and carrier by 
peptide thiolation or lysine coupling. 

19. A composition comprising the chimeric molecule of claim 
12 contained in a pharmaceutically acceptable solution or substance. 

20. A method for delivery of a therapeutic agent into the 
circulation of a subject comprising orally administering to the subject a 
chimeric molecule wherein said chimeric molecule comprises a therapeutic 
agent conjugated to a carrier wherein said carrier comprises a growth 
factor or receptor-binding fragment thereof or a receptor-binding analog 
thereof and wherein said carrier is capable of effecting delivery of said 
molecule into said circulation via transcytosis. 

21. The method of claim 20 wherein said carrier is or is derived 
from the epidermal growth factor (EGF). 

22. The method of claim 21 wherein said carrier is an EGF 
fragment containing amino acid residues 14-31 of mature EGF. 

23. The method of claim 20 wherein said carrier is or is derived 
from the transforming growth factor a (TGF-o;). 



24. The method of claim 23 wherein said carrier is a TGFa 
fragment containing amino acid residues 34-43 of mature TGFa. 



U/VV U1LJUUE3I 



96IO-80C t€0£J aucqdap^ 



QS^By^ P V ^t!l?£ 3IZ30W X H3W3XVJ 
* Jdoijjo pazuotnn v 



£66i inr s o 



*(i66t >f[nf)(ioaifs pmraat) oiZ/VSI/XOd WJO-j 



mavonddv xon on anujisoBd 

XM*<>fl 

S3f4wii3p*ix par nu^iij jo JMiotnitauio3 
Sfl/VSI J° ssgjpp* Sutjibiu ptiv suisfvj 



C66T HNflf 12 

qaigas jwogwugpi gqj jo uoijajdujcro |*ruoe sin jo ais, 



t ^ jo aaqmn luwcop 



J"fl*llta mn^nouad ■ oimofAqofmM 

^r^ QWKW ' nvmat> ^ 1*" J*P<> *J°« JO w» ifiiM pmqim 
n luacmuop aqi tttqm dm auraus x» aAjoAtn d paupimoa 
aq toon «HiB3Aai paonwp o<fl iCTw^oa iHfitsfmd jo ltxwmoop 

, aoofw o»(vi « roamaop an mom 

(fc wa«n aAPi n o^oxm oi praptms aq soma jo pMnpn, 
aq loom DopasAoi pxmtf? otfl taao^ai j^non«d jo iuwiv»p 

wtnaAOS aqi fmXfjapm Oaoqi JO ardtsaud 



.A, 



-X. 



pvmn| o aj»p Aiuoud atp 
awtp J3i«j tng aivp Impj fnonrasia sqi joud pc^qmlibanmsop 

Jaipo ■«> oofliqnpra *3mi *ajmof9tip |mio tn oi fouiajsu raaowp 

1TO ( „ {P*P.3*** «> *oww fvpadi 

jaq» jo oonw» Jatpm jo a*tp aonw*iqnd =*p ^q TO oi paya 
iPftiA jo («)sz»p Autoud no nqnop monp toi jprqm loatanaop 

-Merafaj Jvpsnnd jo ud aq or 
* R«om m fJJjo am puaoal aqj lunajap xatdrcop 

:mmwp paws jo louoiam Pfsods 



-J* 
-O. 

.1. 
-V. 



xatiint yCnuiBj wajwJ w S Q - 3 XO g jo uonwiuiwoa qqi in pwsq siiwmnaop joqvnj [x"| 



'£1-01 '9 'S 'V ( T 



- V *1?86T qoj^ psnssi 4 i8 sumjoA e pg -proy 'PBN oojj 
uuinioo 89- 6 t7 soutj ^ uuinioo s £ pirn 9 suuinpo Smgpuq qdHjS^red 



d 4 X 



»S«sired lineal aq, jD 'ajBiidcuddF oiaqM 'uoiiTOiptn iniAv ^uatunoop jo uoi^f 3 



jjMVAtaqaa 39 ox oaaaaisisiOD siNawaooa 



lino ^j«3nfuo3 l aD=l 'dOH SdV 



12 'oT/pTS : 'S"fl 



OdI pus uoiitoijisshjo ^uoiibu i|joq 01 jo (Q d i) uopTOijrssBro mo^a ^uot^iu^ui 01 Surpiooov 

9£7£€ >S/^C *Z0/L£ XT9V: (S)OdI 

naxxvw xoarans jo niolivduissvid v 



t^8Z0/£6SnALOd 



* 



INTERNATIONAL SEARCH REPORT 



C (Continualion). DOCUMENTS CONSIDERED TO BE RELEVANT 



International application. No. 
PCT/US93/02874 



Category' 



Citation of document, with indication, where appropriate, of the relevant passages 



Science, vol. 223, issued 09 March 1984, Hans Marquardt "Rat 
Transforming Growth Factor Type I: Structure and Relation to 
Epidermal Growth Factor" pages 1079-1082, see the abstract. 

The Journal of Biological Chemistry, Volume 258, Nq. 22, issued 
25 November 1983, Joan Massague' "Epidermal Growth Factor- 
like Transforming Growth Factor" pages 13606-13613. 



Relevant to claim No. 



1, 7, 12, 14, 20, 
23 



1-24 



Form PCT/1S A/210 (continuation of second sheet)(July 1992)* 



